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Abstract 
Extreme climatic events have already happened in different regions of our world affecting the economic 
resources of poor and even rich countries. As an example we can mention the recent destructive 
hurricanes, Katrina (2005) in New Orleans and Sandy (2012) in New York, or floods in Pakistan in 2010. 
Therefore, there is an increasing need for evaluating the adaptive capacities of communities, regions or 
even whole countries to events caused by climatic changes. In this work we address different 
methodologies for this purpose and give reasons for adopting the adaptive capacities wheel developed by 
Gupta et al. [1] as the basic way for this evaluation. We add an additional dimension to those already 
developed by Gupta for determining the capacity of a community for having basic services (health, 
communications, safety, etc.) in a situation of crisis caused by climatic changes. A climatic crisis 
generally affects the conventional energy infra-structure and therefore decentralized renewable energies 
would reduce vulnerability of the community in question. At the end we discuss the evaluation made 
under these assumptions for a selected community in Mexico.  
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1. Introduction 
The backbone of any economy and industrialized society lies in the electrical system. This system is 
affected by climatic events that are increasing in number and intensity each year, likewise, the limited 
capacity of communities to address these threats, undermine the stability and development of 
municipalities and their localities. High risks globally manifested by increases in energy prices, rising 
emissions of greenhouse gases, failure to adapt to climate change, and support of critical systems, 
according to the World Economic Forum’s Global Risks 2013 report [2]. The centralized electrical system 
has behaved with relative safety, tackle the lack of infrastructure, modern technology, maintenance, and 
its dependence on fossil fuel consumption and its inherent vulnerability to hurricanes, floods, tornadoes, 
avalanches, snow and droughts that induce large deficits of electricity (blackouts) [3], see table 1 [4-7]. 
  
Table 1. Climate events that have impacted the electrical system of various nations 
Year Location Outage time People affected Causes 
1977 New York, USA 26 hrs. 9,000,000 Natural events and operational mistakes 
1998 Ontario, Quebec, CANADA 5 days 4,000,000 Snow Storm 
1999 Sao Paulo, BRAZIL 5 hrs. 120,000,000  Lightning Storm 
2003 ITALY 18 hrs. 57,000,000 Storms 
2005 Quintana-Roo, MEXICO 6 days 236,000  Wilma Storm 
2005 New Orleans, USA 23 days 1,000,000 Katrina Storm 
2007 Victoria, AUSTRALIA 8.5 hrs. 480,000 Fire under extreme climatic conditions 
2008 Minatitlan, Veracruz, MEXICO 13 days 11,000 Floods 
2009 BRAZIL, PARAGUAY 7 hrs. 87,000,000 Heavy rains and winds. 
2012 Ohio Valley, USA 10 days 4,000,000 Storms 
2012 New York, USA 13 days 8,000,000 Sandy Storm 
2013 ARGENTINA 1 day 400,000 Floods 
2013 Moore, Oklahoma, USA 1 day 40,000 Tornadoes 
2013 Oklahoma City, USA  1 day 140,000 Tornadoes 
 
Addressing the above challenges, centralized network supports measures that enable maintain control via 
monitoring (M), regulation (R) and implementation of solutions (S) to different problems of supply and 
demand. Monitoring to identify changes that are negligible in the state of the electrical system (not user-
perceived) Regulation helps to maintain the operating conditions (possible increases or decreases in 
reserve margins) and the solutions directly affect the system damage (reduced reserve margin). The 
electrical system has the challenge to face unplanned events that cause power outages, cascading outages, 
and thus massive blackouts, see figure 1. 
 
 
Fig. 1. Centralized electrical system damage by climate events. 
 
The overall impact of the blackouts, their considerable duration, and impact on society has not been 
studied in depth, [8]. The International Energy Agency [9], points out that very few studies analyze the 
impact of emergency energy programs or describe the practice in the area. Also, not all companies 
providing electrical services mentioned impacts attributed to unplanned downtime, justifying the fact that 
any service is 100% efficient and free from disruptions [10]. The consumer’s welfare loss varies, 
depending on the following factors: sector they belong, the time of interruption, the duration of the 
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outage, and season [11]. In the case of industries, these are forced to reduce their production; TV signals, 
and phone systems stop working, as well as schools and businesses; households suffer the loss of 
refrigerated food, and lack of water; a food scarcity becomes a latent threat; wasted leisure time well 
invested; security systems as hospital services are becoming insufficient. 
The likelihood of extreme climatic event appears, implies that both society and its infrastructure are 
exposed to risks, which ranges from the acceptable to intolerable, as case of Katrina, Wilma, Sandy and 
the recent tornadoes in Oklahoma, [12]. 
In the majority of cases, particularly the poorest areas of the affected regions, people don’t know how to 
face the climate crisis. One of the fundamental problems for communities is the lack of electrical power 
alternatives aftermath climatic disaster, mentioned above. So, the people in the community require critical 
services working all time (Availability). Although renewable energy sources are variable, their main 
advantage is that they do not have to rely on lifelines for feedstock [13]. The power supply with 
decentralized renewable technologies are best suited to extreme weather and power outages in 
communities; it also generates awareness about the efficient and energy problems, promoting the change 
of attitudes towards environmental stewardship [14].  
According to World Alliance for Decentralized Energy (WADE [15]), decentralized energy are those 
which allow electricity in or near the point of use, irrespective of size, technology or fuel used, both 
outside and inside the network. These energies include on-site renewables, high efficiency, cogeneration, 
and recycling of organic waste for the production of electricity. 
2. Availability for Critical Services (ACS). 
Availability is a measure that allows for a system to be repaired when failures occur [16]. So, for a 
community exposed to a climate extreme event, it is important to consider the next factors: Type of 
electrical system; number of events and times of power failure for electrical system users in extreme 
weather conditions. Type and number of critical services on the locality; Electrical energy demand for 
critical services; Economic cost by traditional energy sources (Initial capital cost, cost of Electricity 
($/kWh)); Energy production by renewable energy resources; and economic cost by renewable energy 
options. 
Success stories where decentralized renewable energies have been used after extreme weather events have 
been documented — i.e. in August 2002, a devastating flood hit many parts of East Germany. The 
Community of Zschadras seized the opportunity to integrate its energy concept in rebuilding activities, 
and the residents started to invest in PV installations and wind energy, [17]. After impacts of “Franky 
Storm”, at New York (2012), the Solar Sandy Project brought solar-powered electricity to 17 blacked-out 
sites in the Rockaways, Red Hook, New Jersey, Staten Island and Long Island. With these solar-powered 
generators, communities charged cell phones, powered lights, and ran laptops [18, 19]. The Community 
of Kitakyushu at Japan, is another example [20]. 
3. Methodology for adaptation analysis  
One way of responding to climate impacts is adjusting the economic, ecological and social systems, 
through adaptation, encouraging society to be able to reduce climate impacts on health and welfare, 
taking opportunities that a climatic environment provides [21].  
Adaptive capacity is defined as the potential or capacity of a system to adjust to climate stimulus [22]. 
Scientific research about adaptation has increased in the last 10 years, and different methodologies on 
adaptation projects are mentioned in [23, 24 and 25]. Some methodologies of interest consulted for 
analysis in this study were: 
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Table 2. Methodologies and evaluation tools 
Acronym Title  
1.AMICA Adaptation and Mitigation- Climate Policy Approach Evaluation tools for mitigation and adaptation 
2.ACW Adaptive Capacity Wheel Methodology for institutional policies assessing 
3.CAM Climate Change adaptation and mitigation methodology Methodology for mitigation-adaptation links 
4.PACT Performance Acceleration through Capacity Building Tool evaluation 
5.CLIMSAVE Climate Change integrated assessment methodology  Methodology for vulnerability assessment  
6.CECILIA Central and Eastern Europe Climate Change Impact  Different assessment tools 
 
In this research, the methodology for adaptation and mitigation to climate change (CAM) and the 
methodology of adaptive capacities wheel (ACW) are conjoined. The first one, CAM, was created from 
2006 to 2011 at the ICEM (International Centre for Environmental Management). It systemically 
integrates adaptation and mitigation measures for climate change [26]. It has been used on flood prone 
communities in the Asia-Pacific. 
The ACW [27] was designed to assess whether institutions promote the adaptive capacity of society, and 
reflects the quality of institutions to face climate change. Through six dimensions (diversity, learning 
capacity, room for autonomous change, leadership, resources and governance) and 21 criteria, it generates 
an initial diagnostic in terms of strengths, weaknesses and opportunities for improvement on adaptive 
capacity. The methodology is generic in nature, judge only if the institutions allow or inhibit adaptation to 
change, once the inefficiency of the regime has become apparent. This methodology was used to analyze 
the adaptability of municipal institutions at Netherlands (2010) [28]; at the European Alps facing the 
challenge of changing water resources (2009) [29]; at the lagoon of Venice (Italy) and the Wadden Sea 
(Netherlands), (2011) [30]; and in the Norwest project (2012), which added two dimensions (motivation 
and conviction by adaptation) [31]. 
In the past, the Adaptive Capacity Wheel has not considered the use of power technologies, but it is 
flexible to add other dimensions. Therefore, in this work, the new dimension of availability of critical 
services is included to the analysis of adaptive capacities, defining the next criteria: Surveillance, hospital 
services, communication and shop and banks.  
Finally, the availability of electrical power for the critical services is analyzed from a technical 
perspective (Electrical energy demand by critical services, characterization of renewable energy 
resources, and feasibility of resources), in order to identify improvements on adaptive capacity, shown in 
figure 2. 
 
 
Fig. 2.  Climate Adaptation stages of analysis, according to our proposed methodology, based on CAM and ACW Methods. 
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4. Case-Study 
One of the most important coastal areas in Mexico is Veracruz, the first entity generator of electric power, 
petrochemical and petroleum products, with 212 municipalities, 96% of power coverage [32]. Its 
particular location on the Gulf of Mexico, making it vulnerable to hurricanes, sea level raise, continuous 
rains from June to November; cold fronts, from September to May, and drought seasons between March 
and July [33]. According to the Mexican Institute for Competitiveness, (IMCO [34]), Veracruz, is the 
national leader with 19 municipalities threatened by climate change, from which, Alvarado, Boca del Rio, 
and Coatzacoalcos are among the municipalities with high climate vulnerability, see table 3.  
 
Table 3. Flood Vulnerability in Veracruz. Source: Based on data from CENAPRED 
 
4.1 Geographic Region 
 
Alvarado, is located at 18°46' North Latitude, 95°46' West at 10 meters, above sea level at the coastal 
zone of the Gulf of Mexico. Located on the Papaloapan region, bordered on the North by the municipality 
of Boca del Rio, bordered on the South by the municipalities of Acula, Tlacotalpan and Lerdo de Tejada, 
and West by Ignacio de la Llave. From 1999 to 2011, the Fund Emergency Attention, FONDEN, carried 
out 21 declarations of rain and cyclone disaster for the region of study, and to date have lost 50Km of 
coastline due to the increase in sea level at the region referred [35]. Figure 3 illustrates the region on 
study. 
 
Fig. 3. Region under study. Source: Veracruz and Alvarado Maps, Google Earth 2013 
 
4.2 Baseline according to CAM 
 
The main policy instrument available to the country in order to address climate change is the General Law 
of Climate Change (LGCC-2012) [36]; a Special Climate Change Program (PECC 2009-2012) [37], and 
the recently adopted National Climate Change Strategy (ENCC 2013-2018) [38]. The climate scenarios of 
temperature and precipitation,  A1B type is analyzed to determine future threats to the region, based on 
three time periods (1950 to 2000), (2030) and (2050) [39], see figure 4. 
 
Population Urban Rural Population  
0-14 years  
Population  
60 years  
High  
Vulnerability 
Medium  
Vulnerability 
Low 
 Vulnerability 
Lack 
 of Information 
7,643,194 61% 39% 28% 11% 8.5% 74.7% 1% 15% 
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Fig. 4. Temperature and rainfall scenarios. Source: Covecyt (2010). Floods in Veracruz. 
 
4.3 Renewable Energy and critical services at the locality 
 
The coastal areas in the Gulf of Mexico, have the best properties of persistence in wind speeds, and 
therefore, are best suited for the generation of electricity with the renewable source of energy, particularly 
in the area of Alvarado [40].  
The National Renewable Energy Laboratory (NREL), indicates that solar energy resources for the region 
of Veracruz, is in the range of 3.5 to 6 kWh / m² / day of solar radiation, and particularly the region of 
Alvarado is in a range of 4 to 4.5 kWh / m² / day [41]. 
The two types of renewable energy mentioned above are an option for the availability of electrical power 
for critical services against climate risks. Table 4 shows the critical services in the community of 
Alvarado, [42]. 
 
Table 4. Critical services on Alvarado, Veracruz 
Population Population  
0-14 years old 
Population 
60 years old 
Hospital 
Units 
Public 
Markets 
Banks Users of 
Cell phone 
Schools Policy 
Units 
51,955 Unknown 13% 11 2 7 43.9% * 163 1 
* Information for Veracruz Population. At local level is Unknown 
 
4.4 Adaptive Capacity Analysis. 
 
Institutions are defined like: systems of rules, decision-making procedures, and programs that give rise to 
social practices, assign roles to the participants in these practices, and guide interactions among the 
occupants of the relevant roles [43]. The ACW methodology was used to analyze diverse institutions, 
from the General Law of Climate Change, the Special Climate Change Programme (PECC 2009-2012), 
Veracruz State Law to Climate Change (2011), Vulnerability Maps of the Veracruz State, Municipal Risk 
Atlas and Civil Protection Rules of Alvarado Community [44].  
We also performed an analysis of adaptive capacities in institutions such as the Law for Use of 
Renewable Energy, the National Strategy for Energy Transition and Sustainable Use of Energy, Public 
Service Law of Electricity and the Energy Development Plan in Veracruz [45], for the added dimension. 
This new dimension considers the use of fossil energy, renewable energy and decentralized sources, 
combining them in order to provide critical services to the community. Table 5 shows the indicators used. 
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Table 5. Availability of Critical Services Dimension 
Dimension Positive effect Slightly positive 
effect 
Neutral or no effect Slightly negative 
effect 
Negative effect 
Availability 
of critical 
services 
(ACS) 
All critical services 
with emergency 
care provided with 
electricity 
alternative 
measures. Interest 
and use of RE for 
emergency care. 
Fossil fuels are used 
as a means of 
support 
ACS for 
emergency care 
provided with 
electricity 
alternative 
measures. 
Successful 
Initiatives are 
started. 
Some ACS for 
emergency care 
provided with 
electricity alternative 
measures. Some 
initiatives to promote 
Energy resources, but 
without changes. 
No ACS for 
emergency care, 
but changes are 
started. Resources 
exist but are not 
taken into account 
No ACS for 
emergency care 
provided with 
electricity alternative 
measures. No 
interest in the use of 
RE. High 
dependence on 
centralized network, 
fossil energy sources 
 
A summary of the findings from the analysis of adaptive capacity for the municipality of Alvarado is 
illustrated in Table 6. The first column indicates the seven dimensions of adaptation, the second column 
the findings related to every criteria of the dimensions, and the third column is the score achieved in the 
evaluation. 
 
Table 6. Dimensions of the Adaptive Capacity Wheel 
Dimension Parameters Score 
Variety 
The approaches to vision, adaptation, mitigation and transversal policies are very general. Highlight 
attention to solve problems on reducing emissions. The solutions for adaptation are raised to the long 
term, with corrective policy measures in the present.  
The solutions depend heavily on technological and financial support that the international community 
should provide. There are multiple actors, and the main designated authorities are being restructured. 
The municipality is affected every year, with floods, there are no solutions. The problems of the vast 
majority are not completely defined, like electric energy, street lighting, clean water, rainfall water 
drainage, maintenance to schools, air conditioning, seawalls to protect from the river rise and to 
prevent upland erosion and storm surge flooding. 
-1.5 
Learning 
Capacity 
Learning about nature friendly behavior occurs at the level of law in all education levels, but this 
process is in the early stages, so there are no documented experiences on the assessment of learning. 
Information is available and scattered. More research is needed locally. The municipality does not have 
involvement in training programs on climate change.  
The lack of instant solutions to flood problems, and lack of adaptation technologies against the 
increasing sea level, threatening adaptability. 
-0.75 
Room for 
Autonomous 
Change 
Efforts towards change are given from top to bottom. Political intervention is reactive, warning 
messages are generated by existing means, and controls are raised after the disaster; it is not clear the 
use of mechanisms to safeguard the proper application of resources allocated to prevention, assistance, 
asset recovery, and disaster areas.  
There are plans for corrective action, through the National Civil Protection System, and Fonden. The 
lack of prevention, and investment, obstruct autonomous change. 
-1.33 
Leadership 
Short periods of government, a lack of education on environmental issues, a lack of resources for 
decision making do not facilitate leadership in the locality. Coordination and links with society take 
place post-emergency situations.  
The laws take into account the social participation actively and orderly to prevent vulnerabilities to 
extreme natural events, however at the local level do not have the experience or knowledge transfer. 
-0.66 
Resources 
At the local level, decisions are taken in coordination with state, on the basis of emergency. Research 
and education are covered by the general law and the state law of climate change, but in practice are 
very limited on resources. A deficit of transparency regarding economic resources. The use of 
resources is not clear.  
The lack of effective regulation in the debt of municipalities and states. Economic resources are 
assigned depending on the damage whether state or private property. The supports are slow to reach 
local communities. 
-1.33 
Fair 
Governance 
Different climatic injustice leading environmental conflicts, a loss of natural resources, increased 
droughts, water shortages. State officials often do not receive complaints from civil society. The 
general law seeks gender equity and representation of the most vulnerable populations, without 
background knowledge on the vulnerability of communities to climate change.  
There isn’t a broad social participation in decision-making, therefore there isn’t equitable and 
-1.75 
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sustainable development. There isn’t obligation to take into account community input in decision-
making (the law does not cover it).  
Availability 
of Critical 
Services 
The generation, processing, distribution and supply of electricity depend on a government company 
owned by the nation. The generation of electricity for use on emergencies resulting from interruptions 
in electric service is not considered by law as a public service. Not required operating licenses for 
power plants whatever their ability, when they are intended exclusively for personal use in 
emergencies resulting from electric service interruptions.  
The community is highly dependent on the centralized system and not have power supply measures in 
emergency conditions. 
-2 
 
The analysis results of ACW with the new added dimension shown in Figure 5. Red colour indicates, a 
negative effect over adaptive capacity, and green colour indicates a positive effect over adaptive capacity. 
The dimensions show that despite the high vulnerability of Alvarado, its people and its institutions are 
subject to a negative adaptive capacity, which is an indicator of high risk for the community to tackle 
climate change. 
 
 
 
 
Effect of institution 
on adaptive capacity 
Score Aggregated scores  
for dimensions and  
adaptive capacity as a whole 
Positive effect  2 1.01 a 2 
Slightly positive effect  1 0.01 a 1 
Neutral or no effect  0 0 
Slightly negative effect -1 -0.01 a -1 
Negative effect -2 -1.01 a -2 
Fig.  5. Adaptive Capacity Wheel with Availability of Critical Services Dimension, at Alvarado, Veracruz. 
  
5. Conclusions 
The climate change impacts on the energy system of localities are not documented in most cases, due to a 
variety of events that can cause a small power failure or a large electric power failure, ranging from 
aspects like monitoring and control, the identification of sectors and customers affected areas and restore 
electricity. Furthermore, when the emergency occurs, very few are ready to deal with these challenges.  
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The power outage is a potential threat to social and political stability in communities; hence the need for 
prevention policies, adaptation and decentralized renewable energy as a means of support in crisis 
situations. Dependence on centralized energy in the region, do not favor to have different measures to 
cope with the crises caused by climate change.  
Therefore, the availability of critical services was added to the adaptive capacity wheel as a new 
dimension, since their use increases social adaptation to face climate vulnerability. The results obtained 
for the location in question, indicate a negative evaluation on adaptability, identifying areas of 
opportunity in all dimensions studied. 
It is necessary to strengthen decision-making, learning, equity, transparency and the use of decentralized 
energy for critical services, as well as make adjustments to periods of government and people 
empowerment, raising the awareness of stakeholders in the locality about the benefits to be gained, and 
especially the reduction of economic losses and human lives, by preventing the reduction of quality of life 
during disasters. 
The decentralized renewable energies increase resilience and reduce stress of the community after the 
impact of climatic events in the localities whilst the traditional grid is repaired. So, people will be able to 
use all the critical services and reduce the effects of all damages. 
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